Background. The epidemiology of Mycoplasma pneumoniae (Mp) among US children (<18 years) hospitalized with community-acquired pneumonia (CAP) is poorly understood.
alternative respiratory disorder diagnosis, or newborns who never left the hospital were excluded, as were children with a tracheostomy, cystic fibrosis, neutropenia with cancer, recent solid organ or hematopoietic stem cell transplant, current graftvs-host disease, or human immunodeficiency virus infection with a CD4 count <200 cells/μL. After written informed consent, patients and/or caregivers were interviewed, and medical charts were abstracted for clinical and epidemiological data. Institutional review boards at each institution and the CDC approved the study protocol.
Specimen Collection and Laboratory Testing
Blood and respiratory specimens were obtained for pathogen testing using multiple modalities as previously described (Supplementary Materials) [16] . In brief, real-time PCR assays were performed at the study sites on combined nasopharyngeal/ oropharyngeal (NP/OP) swabs [16] . Further Mp confirmatory testing using a multiplex real-time PCR assay was performed at CDC; cultures were performed on Mp PCR-positive specimens [17] . Macrolide susceptibility testing was performed on all corresponding isolates of Mp PCR-positive specimens and/ or extracted nucleic acid by genotyping of the 23S ribosomal RNA gene using a real-time PCR assay with high-resolution melt analysis [18] [19] [20] [21] . The Mp research test results were not available to treating clinicians.
Case Definitions
A CAP patient with a positive Mp PCR NP/OP specimen was considered to have Mp CAP (Mp PCR-positive). If Mp was not detected by PCR on a NP/OP specimen, the patient was considered to have CAP without Mp (Mp PCR-negative). A CAP patient was considered to have macrolide-resistant Mp if they had an Mp isolate and/or extracted nucleic acid with positive genotyping for macrolide nonsusceptibility. Codetection was defined as detection of Mp with ≥1 other bacterial or viral pathogen.
We also perfomed a subanalysis comparing Mp PCR-positive pneumonia to typical bacterial CAP (ie, detection of Haemophilus influenzae or other gram-negative bacteria, Staphylococcus aureus, Streptococcus anginosus, Streptococcus mitis, Streptococcus pneumoniae, or Streptococcus pyogenes in blood, endotracheal aspirate, bronchoalveolar lavage specimen, or pleural fluid using culture and/or PCR; Supplementary Materials). If viruses such as such as adenovirus (AdV); coronaviruses; human metapneumovirus (HMPV); human rhinovirus; influenza A/B viruses; parainfluenza virus (PIV) 1, 2, and 3; or respiratory syncytial virus (RSV) were detected by PCR of NP/ OP swabs or if serology for AdV, HMPV, influenza A/B, PIV, or RSV showed a 4-fold increase in antibody titer, the patient was considered to have viral CAP (Supplementary Materials).
Antibiotics considered active against Mp included macrolides (eg, erythromycin, azithromycin, and clarithromycin), fluoroquinolones (eg, levofloxacin and moxifloxacin), and doxycycline. Any previous outpatient antibiotic exposure was defined as self-reported antibiotic use ≤5 calendar days before admission. Inpatient antibiotic exposure was defined as receipt of an antibiotic at any time after admission.
Statistical Analysis
We compared children hospitalized with CAP with and without PCR-positive Mp using descriptive statistics, including the Pearson χ 2 or Fisher exact tests for comparison of categorical variables and median and interquartile ranges (IQR) for continuous data using nonparametric tests, as appropriate. To assess the impact of whether including children without a detected pathogen (n = 395 [19%] ) in the Mp PCR-negative group (n = 2072) would impact our findings, a sensitivity analysis was performed; no significant differences were identified and therefore children without a detected pathogen were included in the Mp PCR-negative group. We performed bivariate analyses comparing children with and without PCR-positive Mp, and also stratified by age; we assessed demographics and clinical features, including illness severity as assessed by intensive care unit (ICU) admission, invasive mechanical ventilation, acute respiratory distress syndrome, prolonged length of hospital stay (defined as >90th percentile, ie, ≥6 days), hypoxia, and death. Hypoxia was defined as oxygen saturation rate on admission <92% using pulse oximetry on room air, or use of supplemental oxygen at presentation. For children <5 years old, white blood cell (WBC) count >15 000 cells/μL or <5500 cells/μL, and for children ≥5 years old, WBC count >11 000 cells/μL or <3000 cells/μL, was considered abnormal. We also performed stratified analyses assessing Mp CAP by antibiotic status and type, and codetected pathogens; and made specific comparisons between Mp CAP and CAP due to typical bacterial and respiratory viral pathogens.
We used multivariable logistic regression to assess features independently associated with and without positive Mp PCR; only children who had specimens tested for both bacteria and viruses were included. Variables with a bivariate P value <.20 or with known or hypothesized biological and/or epidemiological plausibility were included in the models. We fitted models using all candidate variables and automated stepwise procedures, and then fitted alternate models using only selected variables. We used Akaike information criterion to help select among alternate models-this statistic simultaneously accounts for goodness of fit and complexity of the tentative models. To resolve collinearity between study site and race in the final model, we controlled for study site and not race. All statistical tests were interpreted in a 2-tailed fashion to estimate P values and 95% confidence intervals (CIs). All statistical analyses were conducted using SAS version 9.3 software (SAS Institute, Cary, North Carolina).
RESULTS

Study Population
Among 3803 eligible children hospitalized with CAP, 2638 (69%) were enrolled; of these, 2358 (89%) met the criteria of radiographic pneumonia. Of the 2358 children with CAP, 2254 (96%) had Mp PCR tests performed and Mp was detected in 182 (8%). The median age of Mp PCR-positive children was 7 years (IQR, 4.0-11.0 years); 60% were male and 62% were white (Table 1) . Mp was more prevalent among children aged 5-9 years (17%) and 10-17 years (24%) compared with children <5 years old (3%; P < .01). The highest prevalence of Mp was in Salt Lake City (11%), followed by Memphis (7%) and Nashville (6%) (Supplementary Table 1 ). At the Salt Lake City site, Mp was detected throughout the year in 2011, with no clear seasonality (Figure 1 ). At the other sites, peaks in summer and fall seasons were observed.
Bivariate and Stratified Analysis
Clinical Characteristics
The duration of symptoms before hospitalization was longer for Mp PCR-positive children compared with Mp PCR-negative children (median, 6.8 [IQR, 4.6-9.5] days vs 3.6 [IQR, 2.0-5.8] days; P < .01). The differences in clinical manifestations between Mp PCR-positive and Mp PCR-negative children are detailed in Table 2 . On chest radiography, Mp PCR-positive children were as likely as Mp PCR-negative children to have consolidation (59% vs 59%; P = .9) and multilobar infiltrates (23% vs 28%; P = .2), but more likely to have pleural effusion (26% vs 12%; P < .01) and hilar lymphadenopathy (10% vs 6%; P = .02). Leukopenia was less common among Mp PCR-positive children than Mp PCR-negative children (1% vs 6%; P = .03).
Mp PCR-positive children were less likely to require ICU admission (12% vs 21%; P < .01) or invasive mechanical ventilation (2% vs 7%; P < .01) than Mp PCR-negative children (Table 2) . Among the 21 (12%) Mp PCR-positive children admitted to the ICU, age ranged from 4 months to 17 years (median, 6 years). Of the 3 children who required invasive mechanical ventilation, the 2 younger children had underlying asthma, radiographic consolidation, and codetections (8-month-old with RSV and rhinovirus and a 3-year-old with rhinovirus); an older child (9 years) had congenital heart disease, a past history of leukemia, alveolar disease on chest radiography, and no codetections.
When comparing children with Mp PCR-positive CAP with CAP due to typical bacterial pathogens, children with typical bacterial pathogens were significantly more likely to be <5 years old (58% vs 20%; P < .01) and less likely to have rales (39% vs 63%; P < .01). Mp PCR-positive children were less likely to have consolidation (56% vs 81%; P < .01), pleural effusion (26% vs 56%; P < .01), or ICU admission (11% vs 36%; P < .01) and had a shorter hospital length of stay (median, 2 days vs 6 days; P < .01) than children with typical bacterial pneumonia (Supplementary Table 3 ). Compared with children with viral pneumonia, Mp PCR-positive children were significantly more likely to report a headache (48% vs 17%; P < .01) or sore throat (48% vs 26%; P < .01) but less likely to report dyspnea (61% vs 72%; P < .01) or rhinorrhea (3% vs 10%; P = .02). In addition, Mp PCR-positive children were less likely to have wheezing (25% vs 46%; P < .01) and to have ICU admission (11% vs 21%; P < .01) than children with viral pneumonia (Supplementary Table 3 ).
Antibiotic Treatment
A higher proportion of Mp PCR-positive children received an antibiotic within 5 days before admission compared with Mp PCR-negative children (35% vs 16%; P < .01) ( Table 2) . When stratified by age, Mp PCR-positive children were more likely to have received outpatient antibiotic treatment than Mp PCRnegative children in both the 5-9 years (39% vs 16%; P < .01) and 10-17 years (44% vs 20%; P < .01) age groups, but were as likely in those <5 years old (19% vs 16%). Among Mp PCR-positive children, there were no significant differences in outcomes (ie, ICU admission or invasive mechanical ventilation) between children who received outpatient antibiotics with and without Mp activity. During hospitalization, among Mp PCR-positive children, length of stay was similar between children who did (median, 3 [IQR, 2-5] days) and did not (median, 2 days [IQR, 1-3] days) receive an inpatient antibiotic with Mp activity (P = .6).
Codetections
Of the 178 (98%) Mp PCR-positive children who had specimens tested for both bacteria and viruses, 50 (28%) had a codetection; 46% of those with a codetection were <5 years old (Supplementary Table 2 ). Among Mp PCR-positive children, 48 (96%) had at least 1 viral codetection, 1 (2%) had a single bacterial codetection (S. pneumoniae), and 1 (2%) had both bacterial (S. pneumoniae) and viral (rhinovirus) codetections. When stratified by age, Mp PCR-positive children <5 years old were more likely than Mp PCR-negative children to have a codetection (65% vs 34%; P < .01), compared with children 5-9 years old (21% vs 67%; P < .01) and 10-17 years old (21% vs 56%; P < .01), Mp PCR-positive children were less likely than Mp PCR-negative children to have a codetection.
Multivariable Analyses
Variables independently associated with increased odds of Mp detection included age 10-17 years and 5-9 years; clinical signs and symptoms of hilar lymphadenopathy, rales, headache, sore throat, or decreased breath sounds; antibiotic receipt ≤5 days before admission; and any codetection (Table 3) . Wheeze, rhinorrhea, and chest pain, in addition to study site and ICU admission, were significantly less likely to be associated with Mp detection (Table 3 ).
Macrolide Susceptibility
Of the Mp PCR-positive specimens, 176 (97%) were positive upon repeat PCR testing at the CDC; Mp isolates were recovered from 169 (96%) specimens by culture, and 6 (4%) isolates were macrolide resistant. All 6 (100%) children with macrolide-resistant Mp isolates were non-Hispanic white; 5 (83%) were >5 years old, and 4 (67%) were male. Four (67%) patients with a macrolide-resistant isolate had received a macrolide before admission; 2 between 0 and 5 days before admission and 2 between 6 and 15 days before admission. Of the 6 macrolide-resistant isolates, 3 (50%) were from Memphis, 2 (33%) were from Nashville, and 1 (17%) was from Salt Lake City. There were no significant differences in symptoms and outcomes between children with and without macrolide-resistant Mp.
DISCUSSION
In this large US multicenter active surveillance study with prospective enrollment and systematic microbiological testing among children hospitalized with CAP, Mp was the most commonly detected bacteria and most prevalent in school-aged children ≥5 years old. Although there were no deaths and few patients required mechanical ventilation, 1 in 10 hospitalized children with Mp PCR-positive CAP were admitted to the ICU. Clinically, Mp CAP children had nonspecific symptoms that were not sufficiently distinctive to differentiate CAP due to Mp from other etiologies. The clinical symptoms associated with Mp CAP on multivariable analysis are similar to those observed with respiratory viral illnesses, including influenza infection [22, 23] . In addition, the clinical features independently associated with Mp detection, such as rales, have historically been associated with typical bacterial infections [22] . Respiratory viral PCR panels are increasingly being used for clinical purposes with US Food and Drug Administrationapproved and validated assays for Mp. However, their use is not yet widespread [14, 24, 25] . PCR is the current gold standard for diagnosis of Mp, due to its superior specificity compared to serology [17] [18] [19] [26] [27] [28] . A 2004 US pediatric population-based study reported a Mp prevalence of 14% among 154 children hospitalized with CAP using serology (positive if enzyme-linked immunosorbent assay immunoglobulin M was ≥1:10, or ≥4-fold rise in immunoglobulin G titer) [29] . However, among the 21 children who were seropositive and who had a corresponding NP/OP swab collected within 24 hours of admission, only 12 (57%) had Mp detected by PCR [26] . While Mycoplasma detection in asymptomatic children has been previously reported (21.2% in the Netherlands) [30] , Mp was infrequently detected among our convenience sample of asymptomatic controls (0.6%), suggesting that Mp is the likely cause of illness when detected by PCR (Supplementary Materials). The differences in the study results may be a result of differences in control definitions, temporal or geographical variation in Mp activity, or the length of the study (24 months vs 16 months, respectively).
Our results indicate that Mp was the most commonly detected bacteria among children hospitalized with pneumonia and those symptoms, signs, and radiographic findings would not help to distinguish Mp from viral pneumonia; therefore, clinicians may not have a reliable way to suspect Mp infection without diagnostic testing. In our study, results of assays done only for research purposes, including Mp tests, were not available to guide clinical decisions. We did not identify differences in length of stay between Mp patients who did and did not receive an antibiotic with activity against Mp. This finding is also consistent with another study that compared the effectiveness of empirical β-lactam monotherapy vs β-lactam plus macrolide combination therapy using data from the EPIC study; there were no differences in length of stay, rehospitalizations, or recovery at follow-up, including among the subgroup of children with Mp [31] . The EPIC study, however, was observational and limited to hospitalized children. Thus, there is a need for high-quality randomized trials to definitively address the impact of antibiotic therapy with Mp activity on CAP patient outcomes [32] . Macrolide-resistant Mp isolates have been described in the United States (3%-10%) and several other countries, particularly in Europe and Asia [33] [34] [35] . We identified very few (6 [4%]) macrolide-resistant Mp isolates and thus were not able to adequately assess factors or outcomes associated with resistance. However, continued vigilance is needed to better understand the extent and clinical implications of macrolide-resistant Mp infections.
Our study has several limitations. By including Mp with codetections, some of the symptoms, especially among those <5 years old, could be attributable to other pathogens. In addition, test sensitivity may be variable between detection assays for some pathogens, especially for bacteria. Another possible limitation is that some patients received antibiotics with Mp activity before NP/OP collection, which may have affected the detection of Mp. However, Mp was detected by PCR in 11% of the children hospitalized with CAP who received an antibiotic with Mp activity before admission [36] . Finally, our findings may not be representative of Mp CAP in the United States, because the 3 study sites were academic centers in urban areas, and 45% of Mp cases were identified at a single site (Salt Lake City, Utah).
In conclusion, Mp was the most commonly detected bacterial pathogen among hospitalized children <18 years old with CAP who underwent NP/OP PCR testing [15] . The prevalence was highest among children 10-17 years old, indicating the significant role of Mp among older children. Although Mp illness is often mild and self-limited [6] , in this study 12% of hospitalized children with Mp were admitted to the ICU. Increasing access to Mp PCR could facilitate prompt diagnosis resulting in more targeted and appropriate treatment. In addition, there is a need to understand and define the burden of disease of Mp in the community that is not only causing pneumonia. This can be addressed by systematic surveillance for Mp infection as a cause of CAP and other clinical syndromes, which could further facilitate case and outbreak identification, better characterize the prevalence of macrolide resistance, and inform treatment and infection prevention guidance.
Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author. For this analysis, only children who had specimens tested for both bacteria and viruses were included. Variables that were tested in the model but did not reach significance: sex; clinical presentation of fever/feverish, fatigue, chills, abdominal pain, myalgia, dyspnea; examination findings on presentation: hypoxia, rhonchi, wheezing, chest indrawing, tachypnea, chest retraction; radiographic findings: single and multiple lobar infiltrate, pleural effusion; comorbid condition: chromosomal disorder; household size; interaction between age and codetection.
